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SUMMARY

An investigation was conducted in the NACA Clevelend altltude
wind tunnel on the carburetor alr scoop and tho englne cowling of a
single-engine torpodo-bomber-type airplane. ILow pressure recdverles
were obtained at the carburetor top deck as & result of inadequate
removal of the boundary-layer alr ahead of the inlet. Investigation
of the englne cowling showed low pressure recoverles at the face of
the engine, which were attributed to propeller interference. These
low pressure recoveries were further decreased at high angles of
attack by the blocking effect of the spinner. Preassure loases of
the carburetor-scoop duct and the cowl diffuser were each roughly
10 percent of the dynamic pressure.

INTRODUCTION

Epn investigation of the power-plant instaellation of & single-
engline torpedo-bomber-type airplane has been conducted in the
NACA Cleveland altitude wind tunnel at the request of the Bureau
of Aercnautics, Navy Department, As a part of this investigation,
the asrodynamic characteristics of the carburetor ‘air scoop and
the engine cowling were determined. A similar investigation was
previousaly conducted on a three-tenths scale mock-up of the forward
partion of the fuselage of this airplane in the langley 20-foot
tunnel. (See reference 1.)

The aerodynemic characteristics of the carburetor air scoop
are of particular interest because of the use of a boundary-layer
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removal duct with the scoop, which is located behind and above the
englne cowling. Both internal and externa.l flow conditions were
investigated. ]

The effectliveness of the engine cowling, e high inlet veloclity
type, was evaluated on the basis of intermel and external flow
conditions. The flow conditions were varied over a wide range by
changing both the tunnel airspeed and the engine cowl-flap position.

DESCRIPTION CF MODEL

Tests were made with a full-scale model of the XTB2D-1 alrplane
with the empennage removed and the wing tips cut to permit mounting
in the 20-foot-dlameter test section of the tunnel. (See fig. 1.)
The power plant of the model 1s a 28-cylinder, air-cooled, radial
engine with a normal rated power of 2500 brake horsepower at an
engine spead of 2550 rpm and e take-off power of 3000 brake horse-
power at 2700 rpm. The engine power 1s absorbed by a counter-
rotating propeller, which rotates at 0.425 engine-crankshaft speed. This
propeller 1s 14 feet in dilamster and consists of two components of
four blades each.

Carburetor Alr Scoop

The carburetor alr scoop 18 located behind and above the engine

cowling. (See figs. 2 and 3.) The smell adjacent duct opening

1s the cabin-heater alr lnlet. The alr from this duct was dis-~
charged into the englne accessory compartment during the tests.’: A
boundary-layer removal duct is located beneath sach entrance. The
cross-soctional avea .of the carburetor air duct is a.pproxima.tely

74 square inches. The effective carburetor top-deck area was
z(-educed)from 100 to 75 square inches by means of a duct fairing

fig. 2

Engine Cowling

The cowling inlet 1s formed by & nose ring with a minimum
inslde dlameter of 37.75 inches and a spinner with a diemeter of
25.88 inches; the minimum entrance area 1s 480 square inches.
Control of the exit area 1s accomplished by ll-inch chord flaps,
which extend approximately 220° around the circumference. of the
cowling. A callbration of cowl-flap deflection against cowl-flap
gap and exit area is given 1n figure 4.
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INSTRUMENTATION

- Instivmentation was installed for taking total-prescure surveys
chend of the scocp entrance, at the scoop, and at the carburetor
top dook, and for taking o static-pressure survey over the scoop
1l1p. (See fig. 3.) Total-pressure survoys of tho cowling includod
surveys of the cowling inlet, the face of the englne, and .the
cowling exit, Sta.tic-proasure orifices were installed over the
upper and lower cowling llps. Ths statlic pressure at the rear of
the engine was measursed by tubes located on the baffles of the rear-
row cylinders of tho engine.

The drag was determined from force readings taken with the
tunnel balance.

SCOPE OF TESTS

Carburetor-scoop toste were made in which thoe inclination of
+ke thrust axis of the model was vorled from -2° to 5° and the
inlet-veloclicy ratlio from 0.2 to 0.8. Thooe teuts were conducted
at a pressure altltude of 5000 Feet,

Teats to evaluate cowling porformance wero made with the
propollor oporating and with the propollor romoved. The propoller-
cporating tests were mande at varying ongine powors, cowl-flap
Jeflectlons, and tunnel alrspoods a2t an inclinalion of tho thruot
cxis of 0°. Precsure altitudes rangod from 5000 to 30,000 feet.

The tosts wilth the propeller removod werc conducted at a pressure
altitude of 15,000 feet, inclinations of tho thrust axis of 0° to €°,
and varying cowl-flap deflectionsa,

SYMBOLS

For convenlenco, all symbols used ln this paper, the table,
or the figures are listed here in alphabetiecnl ordor,

AD incremontal drag, drag of installation for condition undor

consldoration minus lowost drag for a seriec of toots in
which only tho cowl-flap deflection was changod, pounds

%f incremontal-drag coofficlent

i total pressure, pounds po? square foot
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total-praéaure'GOefficiant
incremental total preesure, poundis por square foot

carburetor duct losses

static pressure, pourds per square foot

static-pressure coeflicient

free-stream statlic prosélro, vounds per square foot

cocling-eir prcastre drop across enjine, total pressure at
front minus static pressure at rear, inches cf water

prossure-drop coelficient

cooling-ailr presouwe drop, inchea cf water

frus-gtroam Impact presoure shown by pltot-statlic tube,
pounda por oquare iootb

Troo-stroom dyncmic pressurc, pounds per squoro foot
maod dennlty, oluge por cubic oot .

donolty ratio, p/0.002378

RESULTS AND DISCUSSION

Carburctor Alr Scoop

Extoerncl flow. - Tho total-procsurce loopes ahond of the alr

gcoop wero & caitblnation of tho loatea resulting from prcpeller
intorferonce ocnl the locses causod by boundary-layor formation,
Thoge lossoe 1n onorgy of tho alr worno dotorminoed by total-proacuro
survoys takon with two prossuro rakos locactod ahcad of tho scoop
inlet (fis. 3). Thoso total prossuroy aro chown in figuro 5 as
constant-nressvro contours and are rot to be mloconstrued as strenm
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linek,. The effect of the propeller on these preagsure contours’
-cannot be isolated ‘because:of insufficient data. An increase in
the inlet-velocity ratio of the scoop decreases the boundary- layer
thickness as evidenced by figures 5(e) and 5(b). An increase in-:
the inclination of the thrust axis, however, increases the boundary-
layer- thiokness as shown by figures 5(c) and 5(d). .Thig increass in
boundory layer cuusea low total-pressure recoveries ot the scoop
inlet and indicates that the boundary-layer removal duct hod in-
sufficlent capaclty to remove .the boundary lpyeq.

The static-pressure survey over the carburetor-scoocp 1lip is
given in figure 6 for ¢oniitions correesponding to those of figure 5.
Tho negative pressure pseaks are only. slightly affected by voriations
in inlet-velocity ratic or angle of attack. No critlocal velocitlos
over the scoop lip would be oxpocted within the speed range of the
alrplane. Tho statlo-pressuie coefficlent P - 0 which is plotted

%

in figure 6, 1s based on the ctatlc and dynamic presasures ahead of
tho model.

Internal flow, - Examination of the preassurc distribution of
tre 2ir entering the scoop inlet revenlod that high pressuros were
ovtalned at the oldo noarost tho cabin-hoator duct, as shown in
figuro 7. Tho high proosures were attributod to tho ramoval of
part of tho boundery-layer air ahead of the scoop by the cabin-
neater duct.

The offect of fros-stroam Impact prossuro on totul-pressuro
rocoveory at tie carburotor top deck for various inlet-veloclty
ratlios ond Inclinatlons of tho thrust axlo 1s glvon in figuro 8,
The high recoverles at low freo-stream impact presourec and low
recovories at high free-stream impact proosuros indicato that the
blade anglo at the propeller-blado roots was too low. The design
of the pltch distribution of the propeller should be investigated
further,

The hlgh pregsures on tho right slde of tho alr scobp were
reflocted on tho carburotor top dock, 28 shown in figure 9. The
carburotor-scoop duct lossos were roughly 10 percent of the .
dynamic pressure, as shown in table I.

Englino Cowling
Extornal flow, - The offoct of inclination of the thrust axis

on prospourc diotribution over the upper and lowor lips of the ongino
cowling is glven in figure 10. Tho presoure-distributlion pattorn
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in this figure is typical of all conditlions tested. Owing to the
high inlet-velocity ratio of this cowling, the nogative pressure
peaks occur on the inner surface of the cowling 1lip. As the
inclination of the thrust axis is lncreased, these pressure peaks
increase on the lower lip and decrease on the upper lip. The maximum
negatlve pressure peaks indicate that critical velocltles over the
1ip surface would not be reached within the speed range of the
airplane.

Internal flow. - The effect of cowl-flap deflection and free-
stream impact pressure on total-pressure recovery at the cowling
inlet for tests with the propeller operating and the propeller
removed is shown in figure 11. This figure also shows a loss of
Pressure recovery of approximately 0.25/q, owling to the blocking
effect of the propeller. The low pressure recoverlies are then
reflected at the face of the engine (fig. 12) with an additional
loss a8 the alr passes through the cowling diffuser. The cowl-
diffuser losses of approximately O.l/qc are shown in figure 13.

] The average total pressures at the cowling inlet were only
8lightly influenced by changes in the inlet-velocity ratio for
propeller operating tests. . (See fig. 14.) Higher pressures were
obtained with the propeller removed for the range of inlet-veloclty
ratlos covered.

The effects of changes in the inclination of the thrust axls on
the total-pressure distribution patterm of the cowling inlet for
teste with the propeller operating and the propeller removed are
shown In figures 15 and 16, respectlively. The total-pressure
distribution patterns were falrly symmetrical about the thrust
axls for small angles of attack, whereas at large angles of attack
e reduction in pressure recovery occurred in the upper half of
the inlet. This reduction indicated that the boundary layer over
the spinner was washed to the top of the spinner and entered the
upper portion of the cowling. (See flgs. 15(c) and 16 (c).)

The effect of free-stream impact pressure on the cooling-air
pressure drop acrcses: the englne Ap for various cowl-flap
de¥lections is shown 1n figure 17. For tests with the propeller
removed and the propeller operating, the cooling-air pressure
drop across the englne may be found for a glven cowl-flap deflection
and free-stream impact pressure. This pressure drop may then be
converted to cooling-alr flow by use of figure 18 for only cold
engine conditions. No cooling-alr flows for hot engine conditions
could be obtalned because of insufficlent data.
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Drag
The variation in incremental-drag coefficient AD/q, with ~

cowl-flep deflection for tests with the propeller removed is shown
in figure 19. The incremental drag was derived by subtracting the-
lowest drag reading from all other drag readings. The variation of
incremental-drag coefficient AD/q, with- Ap/qc across the engine
for tests with the propeller removed 1s given in figure 20. No drag
data for propeller-operating tests are included because Ilnsufficient
readings were obtalned. . ’

SUMMARY OF RESULTS

The following resulta were obteined from an lnvestigation 1n
the Clevelend altitude tummel of the carburetor alr scoop and the
engine cowling of a single-engine torpedo-bomber-type airplane:

l. The boundary-layer removal duct had insufficilent capacity
to remove the boundery layer ehead of the carburetor air scoop.

2. The carburetor-duct losses and the cowl-diffuser losses
were roughly 10 percent of the dynamic pressure.

3. Low pressure recoveries at the face of the engine were
caused chlefly by propeller interference.

4. The long splnner serilously blocked the air flow lnto the
upper half of the cowling at high inclinations of the thrust exis.

Alrcraft Englne Research laboratory,
Natlional Advisory Committee for Aeronautics,
Cleveland, Chilo.
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TABLE I, - LOSSES' IN CARBURETOR-ATR~SCOCP DUCT
Average total
prossure coefficlent
'+ _ Inclina-~ | Aly Scoop H-p Carburetor

S;IZE: alr tlon of .| duct T ° duot
flow thrust Inlet- ! _ _c__ lossos,

(1b/hr) axis velocity | Carburetor |Carbureitor AH

(deg) ratio sconp top a

inlet deck

8,475 -2 0,533 1.60 1.56 0.04
8,437 8 .558 1.1n 1.05 .05
1¢,990 -2 .512 l.25 1.12 A3
10,840 2 .508 l.01 .93 .C3
10,720 6 .501 .83 L 17 .06
12,540 -2 .492 .96 .87 .09
12,430 2 .492 .81 74 .07
12,25C 6 .496 .03 .58 .05
15,180 -2 .528 .94 .85 .09
15,170 2 .530 .78 .71 .07
16,580 2 .493 .71 .64 .07
16,480 6 .502 .54 .49 .05
13,210 2 .818 1.55 1.59 .06
15,920 2 .760 1.20 1.07 .13
1¢,110 6 . 763 1.49 1.23 .16

National Advisory Camilttee
foir Aeronautics
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S

ta) propeller instal led.

{b}) Propelier removed.

Figure |, -~ Full-scale model of single-engine torpedo-~bomber-type air-
plane installed in aititude tunnel.

~
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Figure 2, — Carburetor-air-scoop installation of single-engine torpedo~bomber-type airplane showing
boundary-layer removel duct and duct fairing into carburetor,
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Figure 3. - Instrumentation for pressure survey of carburetor-duct inlet and engine cowling on single-
engine torpedo-bomber-type airplane.
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Figure 4. - Cowl~flap calibration for single-engine torpedo~-bomber-type airplane with stub exhaust
stacks instailed.
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(a) Inclination of thrust axls, 2°; free-stream lmpact pressure,
43 pounds per square foot; inlet-veloclty ratio, 0.2.
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tb) iInclination of thrust axis, 2°9; free-stream impact pressure, 46
pounds per square foot; inlet-velocity ratioc, 0.5.

Figure 5. - Constant total-pressure-recovery contours of charge air en-
tering carburetor air scoop of single-engine torpedo-bomber~type air-
plane. Pressure altitude, 5000 feet.
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(c) Inclination of thrust axis, -2°; free-stream lmpact pres-
sure, 46 pounds per square foot; inlet-veloclity ratlo, 0.5,
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{d) Inclination of thrust axis, 6%; free-stream impact pressure,46
pounds per square foot; inlet-velocity ratio, 0.5.

Figure 5. - Concluded. Constant total-pressure—recovery contours of
charge air entering carburetor air scoop of single-engine torpedo-
bomber—type airplane. Pressure altitude, 5000 feet.
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(a) Inclination of thrust axlis, 2°; free-stream lmpact pres-
sure, 43 pounds per square foot; inlet-veloclity ratio, 0.2.

“\\\ NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(b) Inclination of thrust axis, 29, free-stream impact pres-—
sure, 46 pounds per square foot; inlet-velocity ratio, 0.5.

Figure 6. ~ Static-pressure survey of carburetor-scoop lip
of single—~engine torpedo-bomber-type airpliane.




NACA MR No. E6E27

(c) Inclination of thrust axis, -2°%; free-stream impact pres-
sure, 46 pounds per square foot; inlet-veloclty ratio, 0.5.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(d) Inclination of thrust axis, 6°9; free-stream impact pressure, 46
pounds per square foot; inlet-velocity ratio, 0.5.

Figure 6. - Concluded. Static-pressure survey of carburetor-scoop lip
of single~engine torpedo-bomber-type airpiane.
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(b) Inclination of thrust axis, 6°.

Figure 7. - Typical pressure recovery at carburetor airscoop entrance
of single~-engine torpedo-bomber-~type airplane. Propeller advance-
diameter ratio, 0.337.
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Carburetor-scoop inlet-velocity ratio, 0.2.

Figure 8. — Effect of free-stream impact pressure on total-pressure

recovery at carburetor top deck of single-engine torpedo-bomber-type
airplane for various inlet-veiocity ratios and inclinations of thrust

axis.
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ir flow

c

H-po
q

1.57

1.0/

Total-pressure coefficlent,

(a) Charge-alr flow, 16,050 pounds per hour; free-stream lmpact
pressure,. q., 92 pounds per square foot; inclination of
thrust axis, 6°; inlet-velocity ratio, O.76.

W
H=p,
Qe
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Total-pressure coefficient,

(b) Charge-air fiow, 9460 pounds per hour; free-stream impact pressure,
9., 92 pounds per square foot; inclination of thrust axis, 29; inlet-
velocity ratio, 0.26.

Figure 9, — Typical pressure distribution at carburetor top deck of
single—~engine torpedo-bomber—type airplane.
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{a) Inclination of thrust axis, ~2°9; free-stream impact pressure, 78.5
pounds per square foot; brake horsepower, 1960.

Figure 10. - Cowl-lip static-pressure survey for single-engine torpedo-
bomber-type airplane. Pressure altitude, 5000 feet; engine speed,
2650 rpm; cowl-fiap deflection, 10°.
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{b) iInctination of thrust axis, 2°; free-stream impact pressure, 79.0
pounds per square foot; brake horsepower, 1975.

Figure 10. - Continued. Cowl~lip=static~pressure survey for single~
engine torpedo-bomber~type airplane, Pressure altitude, 5000 feet;
engine speed, 2650 rpm; cowl-flap deftection, 10°,
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(c) inclination of thrust axis, 6°; free-stream impact pressure,78.5
pounds per square foot; brake horsepower, 1930,

Figure 10, ~ Concluded. Cowl~lip static—pressure survey for single-
engine torpedo—-bomber—-type airplane. Pressure aititude, 5000 feet;
engine speed, 2650 rpm; cowi-flap deflection, 10°.
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< \ d,
.8  ——
O Propeller removed

-4 O Propeller operating:
engine speecd, 2230 rpm;
brake horsepower, 1800

o
0 4 1 1 -1
Cowl-flap deflection, deg
(a) Pree-stream impact pressure, 60 pounds per sgquare foot.
1.2
(T 4;}
.8 ___—__D
D—u_ O L ‘___—__-——-—"—
o4
(o) : . :
30 60 70 90 110 130 150

Free-stream impact pressure, q,, 1b/sq ft

(b) Cowi-flap deftection, 0°.

Figure 11, — Effect of cowl-flap deflection and free-stream impact pres—
sure on total-pressure recovery at cowling iniet of single—engine
torpedo-bomber-type airpiane. Pressure altitude, 15,000 feet; inclin-
ation of thrust axis, 0°.
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O Propeller removed

O Propeller operating;
engine speed, 2230 rpm;
brake horsepower, 1800

-8 ‘w__ﬁ Py o— 4
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Cowl-flap deflection, deg

(a) Free-stream impact pressure, 60 pounds per square foot,
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Free-stream lmpact pressure, Qe 1b/sq ft

(b} Cowi-fiap deflection, 0°,

Figure 12. - Effect of cowl-flap deflection and free-stream Impact pres—
sure on total-pressure recovery at face of engine of torpedo~bomber-
type airplane. Pressure altitude, 15,000 fee

axis, 0°.

t; inclination of thrust
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O 'Propeller removed

O Propeller operating;
engine speed, 2230 rpm;
brake horsepower, 1800
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Cowl-diffusor pressure-loss coefficlent
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Free—stream impact pressure. qc,.lb/sq ¢
{b) Cowl-flap deflection, 0°.

Figure I3, — Effect of cowl<flap deflection and free-stream impact pres-
sure on cowl-diffuser pressure loss of single-engine torpedo—bomber—
type airplane. Pressure altitude, 15,000 feet; inclination of thrust
axis, 0°.
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Figure 14, — Effect of cowi~inlet velocity ratio on total-pressure recov-

ery at face of engine of torpedo~bomber—type airplane.
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(a) Inclination of thrust axis. =2°. (b) Inclination of thrust axis. 2°. (c) Inclination of thrust axis. 6°,

Figure 15, - Total-pressure distribution at cowling inlet of single-engine torpedo-bomber~type air;
plane with propelier operating. Brake horsepower, 1530; engine speed, 2450 rpm; free-stream impact
pressure, 46 pounds per square foot; inlet-velocity ratio, 0.76; pressure altitude, 5000 feet.
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Figure 16. — Total pressure distribution at cowling inlet of single~engine torpedo-type~bomber air=-
ptane with propeller removed. Free-stream impact pressure, 60 pounds per square foot; inlet-
velocity ratio, 0.63; pressure altitude, 15,000 feet.
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(a) Propeller removed; pressure altitude, 15,000 feet,

Figure 7. - Effect of free-stream impact pressure on cooling-air pressure drop across engine of
torpedo-~bomber~type airplane at various cowi-flap deflections. Inclination of thrust axis, 0°.
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Figure 17.- Continued. Effect of free-stream impact pressure on cooling-air pressure drop across
engine of torpedo-bomber-type airpiane at various cowl-flap deflections.
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Figure 17. —= Concluded. Effect of free-stream impact pressure on cooling-air pressuré drop across
engine of torpedo-bomber-type airplane at various cowl-flap deflections, !Inclination of thrust
axis, 09,
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Figure 18, — Relation of cooling—air pressure drop to cooling-air mass

fiow for tests of single-engine torpedo-bomber-type airplane with

propeller removed. Pressure altitude,

15,000 feet.
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Figure 19. - variation in incremental-drag coefficient with cowl-flap
angle for single-engine torpedo-bomber-type airpiane. Propetller

removed; pressure altitude, 15,000 feet; inclination of thrust axis,
0°.
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of torpedo-bomber-type airplane.
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Figure 20, ~ Variation of incrementai-drag coefficient with pressure-drop coefficient across engine
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